Supplementary Text
Short derivation of Eq. (6) from the main text:
The Flory-Rehner relation, as written in their seminal 1943 paper, was (24) 1/ 3 1 2
where M c is the molecular weight between crosslinks, ρ is the density of the polymer, V 1 is the molecular volume of the probe solvent, ∆H 1 is the heat of dilution, and RT is the thermal energy.
Recall that ν 2 is the volume fraction of polymer in the fully swollen gel. Note that ρ CL = ρ/M c . If the heat of dilution can be neglected (small ∆H 1 ), Flory and Rehner showed the above reduces to
when ν 2 is small, and using a two-term Taylor expansion of the logarithm term. Similarly, Eq. 6
in the main text can be found either by using this Taylor expansion in Eq. 5, or by substituting Eq. 4 into the simplified form of the relation above. Doing so yields
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Again, this only holds for the highly swollen state (small ν 2 ), but as we state in the main text, a suitable solvent can always be found such that this assumption holds. 
